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 ﭼﻜﻴﺪه
ﻳﮑﯽ از ﺷﺎﻳﻌﺘﺮﻳﻦ   ( romert laitnessE)ﺗﺮﻣﻮر اﺳﺎﺳﯽ ﻣﻘﺪﻣﻪ و هﺪف: 
اﺧﺘﻼﻻت ﺣﺮﮐﺘﯽ در ﺑﺴﻴﺎرﯼ از ﺑﻴﻤﺎرﻳﻬﺎﯼ ﻧﻮروﻟﻮژﻳﮏ اﺳﺖ. ﻧﻘﺶ 
ﻣﺨﭽﻪ در ﺗﺮﻣﻮر ﺑﺎﻋﺚ اﻓﺰاﻳﺶ ﻣﻄﺎﻟﻌﺎت روﯼ ﻋﻮاﻣﻞ داروﻳﯽ ﻣﻮﺛﺮ 
( اﺧﺘﻼﻻت ١در اﻳﻦ ﻣﻮرد ﺷﺪﻩ اﺳﺖ. هﺪف اﻳﻦ ﻣﻄﺎﻟﻌﻪ ﺑﺮرﺳﯽ 
( اﺛﺮ ﺣﻔﺎﻇﺖ ٢اﺣﺘﻤﺎﻟﯽ ﺣﺮﮐﺘﯽ و ﺷﻨﺎﺧﺘﯽ در ﻣﺪل ﺣﻴﻮاﻧﯽ ﺗﺮﻣﻮر 
 ﺑﺮ روﯼ اﻳﻦ اﺧﺘﻼل ﺑﻮد.   (027YTF)ﻮد اﺣﺘﻤﺎﻟﯽ ﻓﻴﻨﮕﻮﻟﻴﻤ
دو ﻣﺠﻤﻮﻋﻪ ﺁزﻣﺎﻳﺶ ﺑﺮ روﯼ ﻣﻮش هﺎﯼ ﻧﺮ ﻧﮋاد  روش ﺗﺤﻘﻴﻖ:
ﮔﺮم( ﻃﺮاﺣﯽ ﺷﺪ. ﺁزﻣﻮن هﺎﯼ  ٠٤-٠٦هﻔﺘﻪ اﯼ )  ٤وﻳﺴﺘﺎر 
رﻓﺘﺎرﯼ ﺟﻬﺖ ارزﻳﺎﺑﯽ ﺣﺮﮐﺘﯽ و ﺷﻨﺎﺧﺘﯽ ﺷﺎﻣﻞ ﺁزﻣﻮن ﺟﻌﺒﻪ ﺑﺎز، 
ﺷﺎﺗﻞ  ﮔﺮﻳﭗ، اﻧﺪازﻩ ﮔﻴﺮﯼ ﻃﻮل و ﻋﺮض ﻗﺪم،روﺗﺎرود، واﻳﺮ 
ﯼ ﺑﺮرﺳﯽ هﺎﯼ ﺑﺎﻓﺖ ﺷﻨﺎﺳﯽ ﺟﻬﺖ ارزﻳﺎﺑﯽ ﺗﻐﻴﻴﺮات ﺑﺎﮐﺲ و دﻳﮕﺮ
ﺷﺎﻣﻞ اﻳﻤﻮﻧﻮهﻴﺴﺘﻮﺷﻴﻤﯽ،  ﻬﺎﻣﻮرﻓﻮﻟﻮژﻳﮏ و ﻓﺮاﺳﺎﺧﺘﺎرﯼ ﺳﻠﻮﻟ
ﺑﺮرﺳﯽ اﺛﺮ ﻓﻴﻨﮕﻮﻟﻴﻤﻮد در دو  ﺟﻬﺖﻣﻴﮑﺮوﺳﮑﻮپ ﻧﻮرﯼ، اﻟﮑﺘﺮوﻧﯽ 
ﺳﺎﻋﺖ ﭘﻴﺶ از ﺗﺰرﻳﻖ هﺎرﻣﺎﻟﻴﻦ ﺳﺎزﻣﺎن دهﯽ ﺷﺪﻧﺪ.  ٤٢و  ١زﻣﺎن 
 -٢ﺮل ﮔﺮوﻩ ﮐﻨﺘ -١ﮔﺮوﻩ هﺎﯼ ﻣﻮرد ﻣﻄﺎﻟﻌﻪ ﻋﺒﺎرت ﺑﻮدﻧﺪ از: 
 -٤ﮔﺮوﻩ هﺎرﻣﺎﻟﻴﻦ ﺟﻬﺖ اﻳﺠﺎد ﺗﺮﻣﻮر  -٣ (OSMD)ﮔﺮوﻩ ﺣﻼل 
ﮔﺮوﻩ هﺎرﻣﺎﻟﻴﻦ + ﻓﻴﻨﮕﻮﻟﻴﻤﻮد در  -٥و  OSMDﮔﺮوﻩ هﺎرﻣﺎﻟﻴﻦ + 
  ﺳﺎﻋﺖ ﻗﺒﻞ از ﺗﺰرﻳﻖ هﺎرﻣﺎﻟﻴﻦ. ٤٢و  ١دو زﻣﺎن 
ﻋﻤﻠﻜﺮدي  ﻬﺎيﻣﻴﻠﻲ ﮔﺮم ﺑﺮ ﻛﻴﻠﻮﮔﺮم )درون ﺻﻔﺎﻗﻲ( ﻫﺎرﻣﺎﻟﻴﻦ ﺑﺎﻋﺚ ﺗﺮﻣﻮر ﺷﺪﻳﺪ ﺷﺪ ﻛﻪ ﺑﺎ ﻧﻘﺼ 03 ﺗﺠﻮﻳﺰ ﻳﺎﻓﺘﻪ ﻫﺎ:
ﻣﻘﺪار و ﻣﺪت زﻣﺎن ﺗﺤﺮك  ،ﻫﻤﺮاه ﺑﻮد. ﻫﺎرﻣﺎﻟﻴﻦ ﻛﺎﻫﺶ ﻗﺎﺑﻞ ﺗﻮﺟﻬﻲ در ﭘﺎراﻣﺘﺮﻫﺎي آزﻣﻮن ﺟﻌﺒﻪ ﺑﺎز از ﺟﻤﻠﻪ ﺳﺮﻋﺖ ﺣﺮﻛﺖ 
اﻳﺠﺎد ﻛﺮد. ﻣﺘﻮﺳﻂ زﻣﺎن ﻣﺎﻧﺪن ﺑﺮ روي ﻣﻴﻠﻪ روﺗﺎرود و زﻣﺎن ﺗﺤﻤﻞ در ﺗﺴﺖ واﻳﺮ ﮔﺮﻳﭗ ﺑﺎ ﺗﺠﻮﻳﺰ ﻫﺎرﻣﺎﻟﻴﻦ ﻛﺎﻫﺶ ﻳﺎﻓﺖ. در 
ﺶ و ﻃﻮل ﻗﺪم ﻛﺎﻫﺶ و در آزﻣﻮن اﺣﺘﺮازي ﻏﻴﺮﻓﻌﺎل ﻣﺪت زﻣﺎن ورود ﺑﻪ ﻣﻨﻄﻘﻪ ﻋﺮض ﻗﺪم اﻓﺰاﻳ tnirp tooF آزﻣﺎﻳﺶ
ﺳﺎﻋﺖ ﻗﺒﻞ از ﺗﺰرﻳﻖ ﻫﺎرﻣﺎﻟﻴﻦ، ﻧﻘﺎﻳﺺ ﻣﺸﺎﻫﺪه  42ﺗﺎرﻳﻚ ﻛﺎﻫﺶ ﭘﻴﺪا ﻛﺮد. ﻧﺘﺎﻳﺞ اﻳﻦ ﻣﻄﺎﻟﻌﻪ ﻧﺸﺎن داد ﻛﻪ ﺗﺠﻮﻳﺰ ﻓﻴﻨﮕﻮﻟﻴﻤﻮد 
ﻣﺨﭽﻪ و  ﭘﻮرﻛﻨﮋﻤﻲ ﺳﻠﻮل ﻫﺎي ﺷﺪه در آزﻣﻮن ﻫﺎي رﻓﺘﺎري و اﺣﺘﺮازي ﻏﻴﺮﻓﻌﺎل را ﻣﻌﻜﻮس ﻛﺮد. در ﺑﺮرﺳﻲ اﻳﻤﻮﻧﻮﻫﻴﺴﺘﻮﺷﻴ
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يﺎﻬﻧورﻮﻧ  يﺎﻫ ﺖﻴﺳوﺮﺘﺳآ داﺪﻌﺗ ﻦﻴﻟﺎﻣرﺎﻫ ،ﻲﻧﺎﺘﺤﺗ نﻮﺘﻳزGFAP  و ﺖﺒﺜﻣCaspase-3  و ﺶﻳاﺰﻓا ار ﺖﺒﺜﻣCalbindin 
 .داد ﺶﻫﺎﻛ ار ﺖﺒﺜﻣ  
 ﻢﻛاﺮﺘﻣ و ﻪﺘﺴﻫ يﺎﺸﻏ فاﺮﻃا و ﻂﻴﺤﻣ رد ﻦﻴﺗﺎﻣوﺮﻛ ﻊﺠﺗ و ﻪﺘﺴﻫ نﺪﺷ هزﻮﻨﻜﻴﭘ ﺚﻋﺎﺑ ﻦﻴﻟﺎﻣرﺎﻫ ،يرﺎﺘﺧﺎﺳاﺮﻓ ﻲﺳرﺮﺑ رد
 نﺪﺷﺎﻬﻧورﻮﻧ  دﻮﻤﻴﻟﻮﮕﻨﻴﻓ ﺰﻳﻮﺠﺗ .ﺪﺷ1  يﺎﻫ لﻮﻠﺳ داﺪﻌﺗ ﺖﺴﻧاﻮﺗ يراد ﻲﻨﻌﻣ ترﻮﺻ ﻪﺑ ﻦﻴﻟﺎﻣرﺎﻫ ﻖﻳرﺰﺗ زا ﻞﺒﻗ ﺖﻋﺎﺳ
GFAP  و ﺖﺒﺜﻣCaspase-3  و ﺶﻫﺎﻛ ار ﺖﺒﺜﻣCalbindin  دﻮﻤﻴﻟﻮﮕﻨﻴﻓ ﻂﺳﻮﺗ ﻲﻧﺎﻣرد ﺶﻴﭘ .ﺪﻫد ﺶﻳاﺰﻓا ار ﺖﺒﺜﻣ1 
 ،ﻦﻴﻟﺎﻣرﺎﻫ ﻖﻳرﺰﺗ زا ﻞﺒﻗ ﺖﻋﺎﺳﻲﺳرﺮﺑ درﻮﻣ يﺎﻬﻧورﻮﻧ رﺎﺘﺧﺎﺳاﺮﻓ ﺑ ار.دﺮﻛ ﻚﻳدﺰﻧ ﻲﻌﻴﺒﻃ ﺖﻴﻌﺿو ﻪ   
:يﺮﻴﮔ ﻪﺠﻴﺘﻧ ﻦﻳا ﺞﻳﺎﺘﻧ  ﻲﻧﺎﻣرد ﺶﻴﭘ ترﻮﺻ ﻪﺑ دﻮﻤﻴﻟﻮﮕﻨﻴﻓ ﻪﻛ ﺪﻫد ﻲﻣ نﺎﺸﻧ ﻪﻌﻟﺎﻄﻣ24  رﻮﻣﺮﺗ دﺎﺠﻳا زا ﻞﺒﻗ ﺖﻋﺎﺳ
 و ﻲﺘﻛﺮﺣ تﻻﻼﺘﺧا يور1  زا ﻞﺒﻗ ﺖﻋﺎﺳ دﺎﺠﻳا و دراد ﻲﻧﺎﻣرد و ﻲﺘﻇﺎﻔﺣ ﺮﺛا يرﺎﺘﺧﺎﺳاﺮﻓ و ﻚﻳژﻮﻟﻮﻓرﻮﻣ تاﺮﻴﻴﻐﺗ يور رﻮﻣﺮﺗ
 يﺪﻳﺪﻧﺎﻛ ﺪﻧاﻮﺗ ﻲﻣ.دﺮﻴﮔ راﺮﻗ ﺮﻈﻧ ﺪﻣ رﻮﻣﺮﺗ نﺎﮕﻧﺎﺸﻧ ﺶﻫﺎﻛ ﻪﻨﻴﻣز رد ﺮﺘﺸﻴﺑ تﺎﻘﻴﻘﺤﺗ ياﺮﺑ  
 :ﺎﻫ هژاو ﺪﻴﻠﻛدﻮﻤﻴﻟﻮﮕﻨﻴﻓ ،رﻮﻣﺮﺗ ،ﻦﻴﻟﺎﻣرﺎﻫ )FTY720( ،ﻲﺋاﺮﺤﺻ شﻮﻣ 
 
Abstract  
 
Background and Objectives: Essential Tremor is one of the most common motor 
disorders in many neurological diseases. The role of the cerebellum in tremor has led to an 
increase in studies on effective drugs in this case.   The purpose of this study was to 
investigate 1) possible motor and cognitive impairments in these impairmants in an animal 
model of tremor 2) The effect of possible protection of fingolimod (FTY720) on this disorder. 
  
Methods and Materials: We organized two sets of tests on Rats (4 week in age and 40-60 
g in weight), behavioral and histological (Immunohistochemistry, light and electron 
microscope). Behavioral tests organized in two different design, one in aim of locomotor 
assessment and the other designed for assessing mixed locomotor and cognition disturbances 
and anxiety-like behaviars.  
Experimental groups were includes:  
1. Control (saline), 2. DMSO (vehicle), 3. Harmaline (30mg/kg), 4. Harmaline+DMSO, 5. 
Harmaline+ FTY (FTY 1h and 24h pre harmaine injection).  
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In behavioral portion: open field, rotarod, wire grip, foot print and shuttle box test were 
design. For the histologic experiment: two part of brain (cerebellum and inferior olive 
nucleus) and three antibody for immunohistochemistry include GFAP, Caspase-3 and 
Calbindin-D28 were assessed.  
Results: Harmaline induced a significant and persistent tremor that affected all body parts 
demonstrating that 30mg/kg harmaline treatment induces severe tremor associated with 
significant functional deficits that can be detected and assessed using the tasks employed. 
Also harmaline causes significant reduction in total distance moved, mobility duration, 
median speed in the open field test, median time duration on the rod and median gripping time 
in the grip strength test was decreased by harmaline. There are an increased in mean gait 
width. The results of this study showed that Administration of fingolimod 24 hours before the 
harmaline injection reversed the observed defects in behavioral tests and inactive avoidance. 
In the immunohistochemistry study of cerebellar cells and inferior olive nuclei, harmaline 
increased the number of GFAP positive astrocytes and increased Caspase-3 positive and 
decreased Calbindin positive. The cerebellum and inferior olive nucleus were studied for 
neuronal degenration using immunohistochemistry (IHC) and transmission electron 
microscopy (TEM) techniques. Harmaline caused neuronal cell loss, caspase-3 mediated 
apoptosis, and ultrstructural changes in cerebellar purkinje cells and inferior olive neurons. 
FTY720 exhibited neuroprotective changes on cerebellar purkinje cells and inferior olivary 
neurons. These results suggest that FTY720 has potential efficacy for prevention of ET 
neurodegeneration induced by harmaine in male rats. 
Conclusion: The results of this study show that the FTY720 can consider as therapeutic 
agents in tremor induced by harmaline. Since harmaline mimicked the Essential tremor in 
need further investigations to clearing the benefits or possible.  
Key words: Harmaline, Tremor, Fingolimod (FTY720) 
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